We report on an extended interval of giant pulsation activity in the magnetosphere observed at multiple ground stations and in geosynchronous spacecraft particle data. The pulsations display wave properties typical of previously reported giant pulsations, including reversal of phase across the latitude of maximum amplitude as expected for field line resonances, comparable H (geomagnetic northward) and D (geomagnetic eastward) component amplitudes, and strong localization in latitude to within a few degrees. The recording of pulsation activity at numerous ground sites provides an opportunity to examine the local time dependence of the frequency of giant pulsations. We find that throughout a long-lasting event, the frequencies of giant pulsations are fixed at particular local times but decrease systematically as local time increases between midnight and noon. Geosynchronous proton fluxes between 100 and 150 keV oscillated at the same frequency as pulsations observed on the ground in the same local time sector. Nearly conjugate observations indicate the observed giant pulsations have odd spatial symmetry in the magnetosphere. Calculations of the azimuthal wave number using three Northern Hemisphere stations and one Southern Hemisphere station also suggest the observed giant pulsations have odd symmetry. Numerical calculations of resonant particle energies and the combined ground and spacecraft observations presented support the view that giant pulsations have odd spatial symmetry and are driven by a population of particles in drift resonance.
6 at the frequency of a giant pulsation observed simultaneously on the ground. In addition, oscillations with the same periodicity as the observed giant pulsation were found in the 100.2-150.5 keV and 150.5-234 keV proton channels for the ion experiment onboard ATS 6. Glassmeier et al. [1999] observed flux modulations in the 59-75 keV proton channel of the geosynchronous spacecraft GEOS 2, which may have corresponded to giant pulsation activity observed on the ground.
In this study we present data on a long-duration interval of giant pulsation activity observed by as many as 17 ground stations well separated in local time. Solar wind observations and geomagnetic activity indices place the observed pulsations in a magnetospheric context. Geosynchronous proton flux measurements enable us to identify the likely resonant particle energies that drive the giant pulsations. Nearly conjugate ground station observations indicate that the observed pulsations have odd symmetry. Azimuthal wave number calculations using Northern and Southern Hemisphere stations also confirm that the observed pulsations have odd symmetry.
Data
Beginning (Figure 2 ). The activity resumes at 0200 UT with larger amplitudes (10-15 nT peak to peak) and continues until 0600 UT. Beginning shortly after 0600
UT (see Figure 3 , bottom) the largest-amplitude (up to 30 nT peak to peak) giant pulsations appear, and these persist until 1100 UT. Note the familiar amplitude modulation of the pulsations between 0600 and 1100 UT. The amplitudes decay quickly with latitude away from the station observing the largest amplitudes, which is typical for giant pulsations. 
Discussion
We will now examine some of the frequency characteristics of this event and present three pieces of evidence regarding the spatial symmetry of the observed giant pulsations.
Local Time Dependence of Giant Pulsation Frequency
It is well documented that the frequencies of giant pulsations change with universal time. This frequency change has been observed to be positive (frequency in- reported by Green [1979] and those observed throughout the April 14-15 event supports our hypothesis that the magnetosphere was fairly stable during the period of interest.
Harmonic Mode
As discussed in the introduction, the primary uncertainty in our understanding of giant pulsations has been the determination of the wave symmetry. We will now present three pieces of evidence that indicate the April 14-15 giant pulsations possess odd wave symmetry. For our purposes here it is important to note that the three Iceland stations, HUS, LRV, and TJO, are nominally conjugate to the Southern Hemisphere station SYO. indicates antiphase). It is clear these two stations are observing the phase relationships consistent with odd symmetry to within the estimated -020 ø longitudinal phase difference resulting from lack of exact conjugacy. As a result, the near conjugacy of TJO and SYO directly supports an odd harmonic structure for the observed giant pulsations.
15.2.3. Drift-bounce resonance. We have presented two observational approaches that establish odd spatial symmetry for the April 14-15 giant pulsations. Returning to the particle resonance theory for the generation of giant pulsations, the drift-wave instability favors odd mode symmetry while the drift-bounce resonance instability favors even mode symmetry. The drift-bounce resonance instability condition is w -mwa = Nwb,
where w is the pulsation wave frequency, wa is the bounce-averaged drift frequency, wb is the bounce frequency, m is the azimuthal wave number, and N is the integer harmonic number. The N -+1 resonances are most likely to be generated in the magnetosphere [Southwood, 1976; Hasegawa, 1988, 1991] [1982] observed oscillations in the 100.2-150.5 keV and 150.5-234 keV proton channels of the ATS 6 ion detector that corresponded to a giant pulsation observed on the ground. In addition, the ATS 6 magnetometer provided clear evidence that the observed giant pulsation was an odd mode oscillation. The LANL geosynchronous particle observations, coupled with the rn value and nearconjugacy evidence, are thus also consistent with odd mode symmetry and indicate that the giant pulsations we report result from an N -0 drift resonance with 100-150 keV protons.
Conclusions
We have presented observations of long duration giant pulsation activity recorded at numerous ground stations in Scandinavia, Russia, Iceland, and Antarctica. The observed wave properties confirm that these ULF waves exhibit a typical field line resonance behavior with phase reversal across a resonant latitude. Our observations establish that any model of Pg generation must include a systematic change of frequency with local time. The decreasing frequency with increasing local time observed for giant pulsations has not been satisfactorily explained. Table 2 lists the other significant characteristics of giant pulsations that should be described by a satisfactory theoretical model.
We have presented three sources of evidence that the observed giant pulsations are odd mode oscillations resulting from a drift resonance. Near-conjugate observations and azimuthal wave number calculations using Northern and Southern Hemisphere stations support an odd mode structure. Geosynchronous proton fluxes observed during the pulsation activity show that protons with energies of 100-150 keV are the resonant population for this drift resonance. Our symmetry conclusion is consistent with previous ground-satellite correlations. A remaining problem is the source of the resonant particles that provide energy for the pulsations. A likely source of energetic ions in the magnetosphere is a sub- stations. Another possibility is that the loss of westward drifting ions through the postnoon magnetopause may produce distributions that are unstable to wave growth in the prenoon sector. In future work we will address the sources of free energy for Pgs and seek to account for the spatial variation of their frequency.
